Background and Purpose-Oral anticoagulants are effective at reducing stroke compared with aspirin in atrial fibrillation patients older than 75 years. Although the benefits of reduced stroke risk outweigh the risks of bleeding, the cost effectiveness of warfarin in this patient population has not yet been established. Methods-An economic evaluation was conducted alongside a randomized, controlled trial; 973 patients Ն75 years of age with atrial fibrillation were recruited from primary care and randomly assigned to either take warfarin or aspirin. Follow-up was for a mean of 2.7 years. Costs of thrombotic and hemorrhagic events, anticoagulation clinic visits, and primary care utilization were determined. Clinical benefits were expressed in terms of a primary event avoided: fatal/nonfatal disabling stroke, intracranial hemorrhage, or systemic embolism. A cost-utility analysis was performed using quality-adjusted life years as the benefit measure. Results-Total costs over 4 years were lower in the warfarin group (difference, Ϫ£165; 95% CI, Ϫ£452-£89), primarily driven by the difference in primary event costs. The primary event rate over 4 years was lower in the warfarin group (0.049 versus 0.099), and the quality-adjusted life years score was higher (difference, 0.02; 95% CI, Ϫ0.07-0.11). With lower costs and a higher quality-adjusted life years score, warfarin is the dominant treatment, but the differences in both costs and effects are small. Conclusions-Warfarin is cost-effective compared with aspirin in atrial fibrillation patients age Ն75 years. These data support the anticoagulant therapy option in this high-risk patient population. However, the small differences in costs and effects indicate the importance of exploring patient preferences. (Stroke. 2011;42:1717-1721.)
A trial fibrillation (AF) affects 12% of people Ն75 years of age, 1 and more than half of all people with AF are in this age group. 2 AF is a major cause of morbidity and mortality, as it is a major risk factor for stroke, with a five-fold increase in risk in stroke compared with adults without AF. 3 Anticoagulation therapy (warfarin) has been established as a highly effective treatment for reducing stroke risk. The Birmingham Atrial Fibrillation Treatment in the Aged (BAFTA) trial has confirmed that this is the case for AF patients Ն75 years of age, with warfarin shown to be more effective than aspirin and as safe in the prevention of stroke. 4, 5 However, there is limited evidence regarding the cost effectiveness of warfarin in this age group. Previous economic evaluations have typically relied on effectiveness and safety data from clinical trials where patients Ն75 years of age are underrepresented. 6 -8 It is conceivable that any cost savings through reduction in stroke incidence may be lost with the additional monitoring costs required by warfarin.
This article reports the cost-effectiveness analysis conducted alongside the first randomized, controlled trial of warfarin versus aspirin in a primary care AF population of patients Ն75 years of age. 4 The aim of this study was to determine the cost effectiveness of warfarin in this patient population.
Methods

Overview
A trial-based cost effectiveness analysis was conducted alongside the BAFTA trial with mean patient follow-up of 2.7 years. Clinical benefits were expressed in terms of primary and secondary events avoided. The economic evaluation took the form of a cost-utility analysis using quality-adjusted life years (QALYs) as the benefit measure. QALYs take into account the survival and quality of life of an individual; the focus here was on both the potential for quality of life gains from a reduction in clinical events, and on the effect that treatment may have on quality of life. Full details of the trial methods and results have been previously published. 4, 5 The trial recruited 973 patients Ն75 years of age with AF, and patients were randomized to warfarin (target international normalized ratio, 2.5, with acceptable range 2-3) or aspirin (75 mg daily).
Health Outcomes
The primary outcome of the trial was first occurrence of fatal or nonfatal disabling stroke (ischemic or hemorrhagic), intracranial hemorrhage, or systemic embolism. Secondary outcomes were major extracranial hem-orrhage (fatal or requiring transfusion or surgery), hemorrhage resulting in admission to hospital, nonstroke vascular events resulting in admission to hospital or death, and all-cause mortality.
A quality of life questionnaire was administered to study participants at baseline, and was posted annually thereafter. The questionnaire contained the EQ-5D (EuroQol Group), a generic tool that measures and values health-related quality of life. 9 Utility values derived from a UK general population survey were used. 10 The QALY score for each study patient over their duration of follow-up in the trial was estimated by calculating the area under each patient's health utility curve using linear interpolation. Multiple imputation was used in cases of missing EQ-5D data at 1 or more of the time points. 11 To avoid bias, adjustment for differences in baseline EQ-5D scores was also performed using a regression-based adjustment. 12 All QALYs scores reported in this article reflect imputation and adjustment.
Cost Analysis
The cost analysis adopted a UK health sector perspective, with health resource use data collected on all trial patients. Resource use data concentrated on 3 main areas: clinical events, primary care visits, and warfarin clinic visit costs. Primary and secondary outcome data on clinical events were obtained from primary care records, hospital records, and death certificates. Details of all clinical events were sent to the end point committee (primary outcomes) and to independent consultants for verification. Data on type and frequency of primary care visits were collected from patient records. Data on international normalized ratio tests were collected from the oral anticoagulation service provider. A questionnaire was sent to each participating practice to determine the predominant type of anticoagulation clinic their warfarin patients attended. The type of anticoagulation clinic attended and the total number of clinic visits were recorded for every patient. Unit costs for each model of anticoagulation clinic were obtained from a previous study. 13 For all trial patients, clinical events were recorded and events requiring hospitalization were mapped to UK Healthcare Resource Group codes for nonelective inpatient stays in the National Health Service reference costs; this took into account severity, length of inpatient stay, and procedures performed. In addition, all primary care visits were recorded, including details of the type of visit and health care professional seen, and unit costs were applied. Given the very low cost of both warfarin and aspirin, these drug costs were not included in the cost analysis.
All unit costs were valued at 2007 prices in UK £ Sterling. Unit costs of anticoagulation clinic visits and primary care contacts are available online in Table I (http://stroke.ahajournals.org). Unit costs for secondary care episodes were obtained from published sources. 14, 15 Because the follow-up period was Ͼ1 year, costs (and QALYs) were discounted from year 2 onward at an annual rate of 3.5%. 16 
Extrapolation Over the Trial Period
For each study patient, trial data collection continued until a primary end point was reached, but ceased at that point; this resulted in protocol-driven missing data. For an economic evaluation, resource use and health-related quality of life after the clinical event (ie, the primary end point) are important for the calculation of costs and benefits. Therefore, for this analysis, extrapolation beyond a primary end point was conducted up to 4 years post-recruitment, death, or trial end, whichever occurred first. A 4-year time horizon was chosen, as the majority of trial participants were followed-up for vital status for at least 4 years after randomization (including those patients who had suffered primary end points). Costs incurred by patients after a primary event in addition to the acute secondary care costs included primary care visits, warfarin clinic visits, and long-term care. For primary care and warfarin clinic attendances, resource use rates for each patient in the preceding period in the trial were calculated and applied to the post-event period. Long-term care costs were assumed to apply if a patient had suffered a disabling event, primarily stroke, and literature-based estimates of quality of life were applied in the absence of patient self-report data. 17, 18 
Cost-Effectiveness Analysis
An incremental cost-effectiveness analysis was conducted, 19 based on intention to treat, to determine the difference in costs and outcomes between warfarin and aspirin. Even though the cost data are skewed, the arithmetic mean was calculated, along with its nonparametric 95% CI. 20 To account for uncertainty caused by sampling variation in cost-effectiveness, nonparametric bootstrapping was applied to the patient level data to derive 5000 paired estimates of mean differences in costs and QALYs scores. These were presented graphically on a cost-effectiveness plane.
Three sets of sensitivity analyses were performed. First, the effect of nonadjustment of QALYs for the difference in baseline EQ-5D values was explored. Second, costs and QALYs for shorter follow-up periods were calculated to investigate whether costs and outcomes changed with length of follow-up. Finally, analyses were performed for 3 subgroups of age.
SPSS for Windows, Version 15.0 was used to perform part of the main statistical analysis. Bootstrapping was carried out using STATA Version 8.2, and Microsoft Excel 2002 SP3 was used to construct the cost-effectiveness acceptability curves. Multiple imputations were performed using NORM Version 2.03.
Results
A total of 973 patients were entered into the study (warfarin, 488, versus aspirin, 485). Trial participants had a mean age of 81.5 years (SD, 4.2), and 55% were men. The baseline characteristics in terms of key variables were similar in both arms of the trial. 4 The baseline EQ-5D score was higher in the warfarin arm (0.757; SD, 0.241) than in the aspirin arm (0.735; SD, 0.215). Two warfarin patients were excluded from the costeffectiveness analysis, as they withdrew very early in the trial and so no data on costs or quality of life were collected. Complete EQ-5D data were available for 462 patients (47.6%), with a higher completion rate in the aspirin arm (50.3%) compared with the warfarin arm (44.7%). The majority of patients with missing data were missing fewer than 2 EQ-5D scores.
Health Outcomes and Quality of Life
There were fewer primary events in the warfarin arm than in the aspirin arm (24; 1.8%/year, versus 48; 3.8%/year). 4 The primary event rate for the 4-year period was also calculated for each trial arm (Table 1) and showed a significant difference in event rates. The mean QALYs score (adjusted for baseline differences) in the warfarin arm was higher, but the difference did not reach conventional levels of statistical significance (Table 1) . Tables 2 and 3 give a breakdown of resource use data and mean health care costs per patient over a 4-year period. The intention-to-treat principle was maintained throughout the analysis. Event costs were higher in the aspirin arm, primarily driven by the difference in primary events. Primary care visit costs were slightly higher in the warfarin arm, and international normalized ratio visit costs were considerably greater as expected. Total costs per patient were higher in the aspirin group than in the warfarin group (£1548 versus £1382), but the difference was not statistically significant.
Cost-Effectiveness Analysis
The warfarin arm was associated with lower costs and a higher QALYs score than was the aspirin arm, indicating that warfarin is the dominant treatment option. However, to take into account uncertainty around the point estimates, an incremental cost-effectiveness plane and cost-effectiveness acceptability curve were constructed. The plane in Figure  shows the 5000 bootstrap cost-QALYs difference pairs, most of which are in the southwest and southeast quadrants; this indicates that warfarin is less costly, with a greater proportion in the southeast quadrant where the treatment is more effective (ie, positive incremental QALYs scores). Tables 4 and 5 present the results of the sensitivity analysis. If the baseline difference in quality of life is ignored, the difference in QALYs scores between warfarin and aspirin is greater. Here there is a difference of 0.06 QALYs (favoring warfarin) compared with the base-case analysis, where the difference in adjusted scores is 0.02; this demonstrates the impact of the baseline difference. Calculating total cost and QALYs over a shorter period serves only to reduce the differences in costs and QALYs, but the overall finding of dominance for warfarin remains. Considering the results by age group, similar results of small cost and QALYs differences are found across all age groups, with the cost and QALYs difference greatest for those age 75 to 79 years. However, compared with the base-case analysis, the subgroups obviously include fewer patients, and so the variability around mean values is higher.
Sensitivity Analysis
Discussion
The results of our analysis show that warfarin may be a cost-effective therapy for patients with AF Ն75 years of age; this is primarily because of the difference in primary event rates, as this drives the difference in costs. The additional costs for international normalized ratio tests for warfarin were offset by the primary event costs. A previous Swedish analysis demonstrated that the cost-effectiveness of warfarin is very much dependent on the rate of hemorrhagic complications, which was no higher than in those with aspirin in this trial. 21 Other model-based studies assessing the cost-effectiveness of warfarin in AF patients have shown warfarin to be cost-effective, particularly in groups of patients with a higher baseline risk of stroke; this includes those in this older age group. 6 -8 However, data on the effectiveness of warfarin and aspirin in more elderly patients have been from trials where the majority of patients were younger than 75 years; hence there is a particular need for age-specific data. It is reassuring that the results of this trial-based analysis are consistent with those of these previous model-based analyses.
Quality of life and cost differences were small between the 2 trial arms and may be caused by the analysis being underpowered for these variables. Potential adverse effects of warfarin on quality of life (eg, regular clinic visits and associated side effects, including minor bleeds) may not have been translated into detectable differences in the EQ-5D questionnaire. Previous studies have demonstrated that AF patients attribute some disutility to being on warfarin (compared with full health). 22, 23 One of the disadvantages of warfarin is regular clinic visits, which can be inconvenient if the patient is employed; however, this was not an issue for the BAFTA study population. Even so, as the cost and QALYs differences are quite small, and there are competing benefits and disadvantages of warfarin and aspirin, patient preferences for treatment need to be considered.
A key strength of this work is that the trial was conducted in primary care and used data from a large, contemporary, randomized, controlled trial, designed specifically to address the question of warfarin use in an older population. As data was collected at a patient level, the analysis could consider uncertainty around the mean costs and outcomes. There are some limitations. Over half of patients did not have complete EQ-5D data for the full duration of their follow-up; however, 
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in many cases, this was trial protocol-driven because of the absence of quality of life data collection beyond a primary endpoint. We found no evidence of a major difference in the 2 drugs in terms of effect on quality of life, so the imputation is unlikely to have had a major impact on the results; these results were primarily driven by the differences in primary event rate, for which data were complete for the trial period. Conducting an economic evaluation alongside an endpoint trial poses problems. In this study, data collection ceased once a primary endpoint occurred, so there was no additional information on quality of life of the patients, or on subsequent health service use. To address this, we have extrapolated both costs and quality of life for up to 4 years post-recruitment, using previously published data from the literature. 17, 18 We assumed that all patients who have suffered a particular major clinical event will be in the same health state and incur the same long-term costs. Another consideration is the transferability of the results to usual (non-trial) care, both in the UK and internationally. Doctors whose patients were recruited into the trial may have different prescribing preferences with those who did not participate. Furthermore, the results of the economic evaluation are for the UK health care system and the UK model of anticoagulation clinics, and so caution is required in seeking to transfer our results to other health care systems.
In the present study, National Health Service reference costs were used to obtain the costs of an "average event" for the clinical events suffered by trial patients. However, because the patients in the trial were older than was the patient population from whom the average cost was obtained, it is likely that the events were more costly in this patient group. Thus, we are likely to have underestimated the cost-effectiveness of warfarin.
Long-term costs and benefits, such as acute or ongoing costs related to future events and effects on quality of life or survival, were not taken into account beyond a 4-year period. If we had employed a lifetime horizon, it is likely that the advantages of warfarin over aspirin would have been greater; our sensitivity analysis showed that an increasing time horizon resulted in a bigger difference in benefits and costs between warfarin and aspirin.
In conclusion, our analyses show that warfarin appears to be a cost-effective use of health care resources for the management of patients with AF Ն75 years of age. While warfarin should be routinely considered as an option in the management of such patients, it is particularly important in this context that patients' preferences are considered when a decision about treatment is made. 
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